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KLJK QXPEHU RI SDVVHQJHUV FDUULHG SHU YHKLFOH DQG WR UHGXFH H[WHUQDOLWLHV VXFK DV DLU SROOXWLRQ RU IXHO
FRQVXPSWLRQGXHWRHOHFWULFWUDFWLRQDQGHIILFLHQWGULYLQJVWUDWHJLHVVHHIRULQVWDQFH'H0DUWLQLVHWDO
+RZHYHU SRVLWLYH SHUIRUPDQFH LQ WHUPV RI PD[LPXP WUDYHO VSHHG RU UHGXFHG KHDGZD\ EHWZHHQ WZR
VXFFHVVLYHFRQYR\VLVSDUWO\RIIVHWE\JUHDWHUYXOQHUDELOLW\WRV\VWHPIDLOXUH,QGHHGLQWKHFDVHRIEUHDNGRZQV
VLQFH WKH IDXOW\ WUDLQ FDQQRW JHQHUDOO\ EH RYHUWDNHQ DQG FRXOG EH H[WUHPHO\ KDUG WR UHPRYH HVSHFLDOO\ LQ
PHWURSROLWDQ V\VWHPV ZLWK WZR VHSDUDWH WXQQHOV UHHVWDEOLVKLQJ UHJXODU UDLO VFKHGXOHV FRXOG HQWDLO YHU\
VXEVWDQWLDO SDVVHQJHU GHOD\V +HQFH LQ GHDOLQJ ZLWK HPHUJHQFLHV UDLO QHWZRUN PDQDJHUV KDYH WR WDNH LQWR
DFFRXQWHIIHFWVRILQWHUYHQWLRQVWUDWHJLHVRQWUDYHOGHPDQG
,QWHUPVRIPHWKRGRORJ\LWLVZRUWKQRWKLQJWKDWDVVKRZQE\*LEVRQ$EULOHWDODQG/LQGQHU





SURSRVHG DQ DOJRULWKP IRU UHGXFLQJXVHUZDLWLQJ WLPHV LQ WKH FDVHRI D UDLO PXOWLOLQH QHWZRUNE\PRGLI\LQJ
WUDLQ WLPHWDEOHVZKLOH=KHQJ HW DO SURYLGHG WKHGHILQLWLRQRI FDSDFLW\ UHOLDELOLW\ RI D UDLO QHWZRUN DQG
GHYHORSHG DPRGHO IRU FDOFXODWLQJ LW&DQFD HW DO  IRFXVHGRQNH\ DVSHFWV RI WKHPDQDJHPHQW RI
UDLOZD\QHWZRUNV,QSDUWLFXODUWKH\SURSRVHGDQHZPHWKRGLQWKHGHWHUPLQDWLRQRIWUDLQVFKHGXOHVWDNLQJLQWR
DFFRXQWUDLOZD\WUDYHOGHPDQGDQGSRVVLEOHVHUYLFHGLVUXSWLRQVVXFKDVDQLQFUHDVHLQWUDYHOGHPDQGRUDIOHHW







UDLO V\VWHPV IDLOXUH ,Q WKLV FRQWH[W RXU SURSRVDO UHSUHVHQWV DQ H[WHQVLRQRI0D]]HR HW DO  LQWURGXFLQJ
FDSDFLW\FRQVWUDLQWVRI UDLOYHKLFOHV LQRUGHU WRSURYLGHPRUHUHDOLVWLFVLPXODWHGHIIHFWV ,QGHHGDOWKRXJK WKHVH
FRQWULEXWLRQVPLJKW EH FRQVLGHUHG DQ LQQRYDWLYH DSSURDFK WR UDLO V\VWHP DQDO\VLV EHFDXVH WKH\ DGRSW DPXOWL
REMHFWLYHDSSURDFK LQHYDOXDWLQJRSHUDWLRQDOVWUDWHJLHV WKHLUDVVXPSWLRQVRQFDSDFLW\DOORZHDFKXVHU WRERDUG
WKHILUVWDUULYLQJWUDLQ7KH\GRQRWFRQVLGHUWKDWLQIDLOXUHFRQWH[WVVRPHWUDLQVPLJKWQRWKDYHHQRXJKVSDFHWR
DFFRPPRGDWHDOOSDVVHQJHUVERDUGLQJ7KHUHIRUH WKH VLPXODWHG IDLOXUHHIIHFWV WHQG WREHFDOPHGPRUH UDSLGO\
WKDQLQUHDOFDVHV
,W LV ZRUWK SRLQWLQJ RXW WKDW DV VKRZQ E\0RQWHOOD HW DO  LQ DQ\ GHVLJQ RU UHDOWLPHPDQDJHPHQW
SUREOHPLWLVQHFHVVDU\WRKDYHVLPXODWLRQPRGHOVWKDWDOORZQHWZRUNSHUIRUPDQFHVDQGIHDWXUHVWREHGHILQHGIRU





UROOLQJ VWRFN /LNHZLVH PHVRVFRSLF VLPXODWLRQ PRGHOV 0DULQRY 	 9LHJDV  DUH DEOH WR VLPXODWH D
VLPSOLILHG V\VWHP E\ PHDQV RI D PXOWLVFDOH IUDPHZRUN FRQVLVWLQJ RI ERWK PDFURVFRSLF DQG PLFURVFRSLF
HOHPHQWV)LQDOO\PLFURVFRSLFVLPXODWLRQPRGHOV1DVK	+XHUOLPDQQ6LHIHU	5DGWNHUHSUHVHQW
WKH V\VWHP HOHPHQWV VXFK DV VLJQDOOLQJ V\VWHPV UDGLXVHV RI FXUYDWXUH VORSHV WLPHWDEOHV ORFRPRWLYH W\SHV
QXPEHU RI SDVVHQJHU FDUV QXPEHU RI IUHLJKW FDUV RU DGKHVLRQ YDOXHV LQ RUGHU WR SURYLGH D PRUH SUHFLVH
GHVFULSWLRQRIUDLORSHUDWLRQV
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5HFHQWO\&RUDSL HW DO  DQG'H0DUWLQLV HW DO SURSRVHG WR DGRSW DPLFURVFRSLF DSSURDFK IRU
DQDO\VLQJHIIHFWVRIGLIIHUHQWGULYLQJVWUDWHJLHV LQWHUPVRIHQHUJ\FRQVXPSWLRQ0RUHRYHU*DOORHWDOD
E SURSRVHG DPXOWLPRGDOPDFURVFRSLF DSSURDFK IRU GHILQLQJ RSWLPDO IUHTXHQFLHV LQ WHUPV RI WUDLQV SHU
KRXURUEXVHVSHUKRXURISXEOLF WUDQVSRUW OLQHVE\ WDNLQJ LQWRDFFRXQW WKHHIIHFWVRQ WUDYHOGHPDQGRQRWKHU
WUDQVSRUWDWLRQVV\VWHPVDQGRQH[WHUQDOFRVWVVXFKDVHQYLURQPHQWDOSROOXWLRQRUHQHUJ\FRQVXPSWLRQ
)LQDOO\WRDQDO\VHWKHGHYLDWLRQRIUHDOWLPHWDEOHVIURPSODQQHGVFKHGXOHV+DQVHQHWDOSURSRVHGDQ
RIIOLQH SURFHGXUH IRU FDOLEUDWLQJ D SUHGLFWLYH PRGHO *RYHUGH  SURYLGHG D PHWKRG WR IRUHFDVW GHOD\
SURSDJDWLRQV DQG *RYHUGH DQG 0HQJ  SURSRVHG D WRRO IRU GHWHUPLQLQJ IXWXUH HYROXWLRQV RI FXUUHQW
FRQIOLFWVLQUHDOWLPHFRQGLWLRQV







LQ RUGHU WR HVWLPDWH LQ GHWDLO WUDYHO WLPHV RI SDVVHQJHUV E\ PHDQV RI RIIOLQH SURFHGXUHV ,Q SDUWLFXODU LQ
VLPXODWLQJ UDLO DQGRU PHWUR V\VWHPV DGRSWLRQ RI D PLFURVFRSLF PRGHO UHTXLUHV WKH VROXWLRQ RI D V\VWHP RI
GLIIHUHQWLDOHTXDWLRQVE\PHDQVRIDQXPHULFDODSSURDFK,QWKLVUHJDUG1DVKDQG+XHUOLPDQQSURSRVHG
WKH DGRSWLRQ RI 23(175$&. GHYHORSHG E\ WKH 6ZLVV )HGHUDO ,QVWLWXWH RI 7HFKQRORJ\ (7+ RI =XULFK DV















> @  SWVVUVLQWGWQSIF\ȁWGUQSWQS    
ZKHUH\ LV WKHYHFWRURI LQWHUYHQWLRQ VWUDWHJ\SDUDPHWHUV \Ö LV WKHRSWLPDOYDOXHRIYHFWRU\ LH WKHYHFWRURI
SDUDPHWHUVLGHQWLI\LQJWKHRSWLPDOVWUDWHJ\6\LVWKHIHDVLELOLW\VHWRIYHFWRU\=LVWKHREMHFWLYHIXQFWLRQWREH
PLQLPLVHGIFLVWKHYHFWRURIIDLOXUHFRQWH[WSDUDPHWHUVWQSLVWKHYHFWRURIWUDQVSRUWDWLRQQHWZRUNSHUIRUPDQFH
SDUDPHWHUV UQS LV WKH YHFWRU RI QHWZRUN SHUIRUPDQFH SDUDPHWHUV RI WKH UDLO V\VWHP WG LV WKH YHFWRU RI WUDYHO
GHPDQGSDUDPHWHUV/ LV D IXQFWLRQZKLFKGHVFULEHV WKH UHODWLRQVKLSEHWZHHQ WUDQVSRUWDWLRQ V\VWHPV LQFOXGHG
WKH UDLO V\VWHPDQG WKHEHKDYLRXURIXVHUV LQ LV WKHYHFWRURI UDLO LQIUDVWUXFWXUHSDUDPHWHUV LQ QRQSHUWXUEHG
FRQGLWLRQV VV LV WKH YHFWRU RI VLJQDOOLQJ V\VWHP SDUDPHWHUV LQ QRQSHUWXUEHG FRQGLWLRQV SW LV WKH YHFWRU RI
SODQQHGWLPHWDEOHSDUDPHWHUV
&RQVWUDLQW  UHSUHVHQWV WKHFRQVLVWHQF\FRQVWUDLQWEHWZHHQQHWZRUNSHUIRUPDQFHDQG WUDYHOGHPDQGIORZV
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IRUPXODWHGDVD IL[HGSRLQWSUREOHPZKRVH VROXWLRQ UHTXLUHV WKHXVHRI IRXUNLQGVRIPRGHOV IDLOXUH VHUYLFH
VXSSO\ DQG WUDYHO GHPDQG PRGHOV ,Q SDUWLFXODU LQ RUGHU WR GHWHUPLQH WKH REMHFWLYH IXQFWLRQ YDOXHV IRU
LPSOHPHQWLQJ WKH RSWLPLVDWLRQPRGHO ZH KDYH WR VROYH D IL[HGSRLQW SUREOHP GHVFULEHG V\QWKHWLFDOO\ E\
FRQVWUDLQWE\PHDQVRIWKHIROORZLQJSURFHGXUH
x IRU HDFK IDLOXUH VFHQDULR GHVFULEHGE\ YHFWRU IF LW LV QHFHVVDU\ WRGHWHUPLQH HIIHFWV RQ WKH UDLO V\VWHP LQ
WHUPVRIUHGXFHGSHUIRUPDQFHRUXQDYDLODELOLW\RIDUDLOFRQYR\RUDWUDFNVHFWLRQIDLOXUHVLPXODWLRQPRGHO
x WKH QXPEHU RI XVHUV DUULYLQJ RQ WKH SODWIRUP ZKLFK LV WKH HIIHFW RI XVHU LQGLYLGXDO FKRLFHV SUHSODWIRUP
GHPDQG PRGHO KDV WR EH GHWHUPLQHG DV D IXQFWLRQ RI SHUIRUPDQFH RI DOO WUDQVSRUWDWLRQ V\VWHPV VXSSO\
PRGHO
x WKHSHUIRUPDQFHRIWKHUDLOV\VWHPVHUYLFHVLPXODWLRQPRGHOGHSHQGVRQWKHLQWHUYHQWLRQVWUDWHJ\FRQVLGHUHG
GHVFULEHG E\ YHFWRU \ WUDYHO GHPDQG YHFWRU WG DQG IDLOXUH VHYHULW\ RXWSXWV RI WKH IDLOXUH VLPXODWLRQ
PRGHO




LQ GHWDLO WKH IRXU VLPXODWLRQ PRGHOV IRU LPSOHPHQWLQJ WKH PHWKRGRORJ\ SURYLGLQJ VXLWDEOH UHIHUHQFHV ZKHUH
UHDGHUVFDQGHOYHLQWRDQDO\WLFDOVSHFLILFDWLRQVRIWKHPRGHOVDQGWKHSDUDPHWHUYDOXHVDGRSWHGLQWKHOLWHUDWXUH
7KH IDLOXUH VLPXODWLRQPRGHO SURYLGHVSHUIRUPDQFHRI WKH UDLO V\VWHPV UHODWHG WR HDFKSRVVLEOHEUHDNGRZQ
7KHPRGHORXWSXWLQWKLVFDVHPD\FRQVLVWIRULQVWDQFHLQPD[LPXPVSHHGUHGXFWLRQRULQWKHXQDYDLODELOLW\RID
WUDLQ RU D WUDFN VHFWLRQ 7KLV PRGHO LV EDVHG RQ WKH FDXVHHIIHFW UHODWLRQ EHWZHHQ WKH IDXOW\ HOHPHQW DQG WKH
RSHUDWLRQ RI DOO V\VWHPV 'HWDLOV RQ WKH PDQDJHPHQW RI EUHDNGRZQV DUH DQDO\VHG E\ 5$06 5HOLDELOLW\
$YDLODELOLW\0DLQWDLQDELOLW\DQG6DIHW\SURFHGXUHVDVVKRZQE\0D]]HRHWDO
7KH VHUYLFH VLPXODWLRQ PRGHO GHVFULEHV UDLO V\VWHP SHUIRUPDQFH GHSHQGLQJ RQ UDLO LQIUDVWUXFWXUHV UROOLQJ
VWRFNVLJQDOOLQJV\VWHPWLPHWDEOHDQGWUDYHOGHPDQG8QGHUWKHDVVXPSWLRQRIDPLFURVLPXODWLRQDSSURDFKWKLV
PRGHO FDQ EH VROYHG WKURXJK D V\VWHP RI GLIIHUHQWLDO HTXDWLRQV ZKRVH QXPHULFDO VROXWLRQ FDQ EH WDFNOHG E\










FKRLFHPRGHOZKLFKSURYLGHV WKHFKRLFHRI WUDYHOOLQJE\SULYDWHFDUSXEOLF WUDQVSRUWRU VLPSO\ WKHSHGHVWULDQ
V\VWHPDQGDSDWKFKRLFHPRGHOZKLFKSURYLGHVWKHURXWHFKRLFHDQGLQWKHFDVHRISXEOLFWUDQVSRUWDOVROLQH
FKRLFHDQGUHODWHGERDUGLQJDOLJKWLQJDWVWRSVVWDWLRQV
,W LV ZRUWK QRWLQJ WKDW LQ WKH FDVH RI IDLOXUH RI WKH UDLO V\VWHP ZLWK WKH DVVXPSWLRQ RI FRQYR\ FDSDFLW\
FRQVWUDLQWVLW LVQHFHVVDU\WRDGRSWWZRNLQGVRIWUDYHOGHPDQGPRGHOV'¶$FLHUQRHWDODSUHSODWIRUP
GHPDQG PRGHO DQG DQ RQSODWIRUP GHPDQG PRGHO 7KH IRUPHU GHVFULEHV XVHU FKRLFHV LQ WKH FDVH RI UHJXODU
VHUYLFHDQGFDQEHLPSOHPHQWHGE\PHDQVRIWKHDERYHPHQWLRQHGIRXUVXEPRGHOV2XWSXWVRIWKHSUHSODWIRUP
GHPDQGPRGHODUHXVHUIORZVRQHDFKUDLOSODWIRUP
7KHRQSODWIRUPGHPDQGPRGHODQDO\VHV IRUHDFKDSSURDFKLQJ WUDLQZKHWKHU WKHUHVLGXDOFDSDFLW\ ZKLFK LV
HTXDO WR WKH WUDLQ FDSDFLW\ PLQXV WKH RQERDUG SDVVHQJHUV SOXV WKH DOLJKWLQJ SDVVHQJHUV LV JUHDWHU WKDQ WKH
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ZKHUH ZDLWLQJE LVDSDUDPHWHUZKLFKH[SUHVVHVWKHUHOHYDQFHLHUHODWLYHZHLJKWJLYHQE\XVHUVWRZDLWLQJWLPHVU
SVWZ  LVWKHDYHUDJHXVHUZDLWLQJWLPHDWVWDWLRQVRQSODWIRUPSEHWZHHQUXQU±DQGUXQU U SVIZ  LVWKHQXPEHU
RI SDVVHQJHUV ZDLWLQJ DW VWDWLRQ V RQ SODWIRUP S EHWZHHQ UXQ U± DQG UXQ U ERDUGRQE LV D SDUDPHWHU ZKLFK
H[SUHVVHVWKHUHOHYDQFHLHUHODWLYHZHLJKWJLYHQE\XVHUVWRRQERDUGWLPH UOWE LVWKHWLPHVSHQWE\WKHFRQYR\
DVVRFLDWHGWRUXQUIRUWUDYHOOLQJRQOLQNO UOIE LVWKHQXPEHURISDVVHQJHUVZKRWUDYHORQWKHFRQYR\DVVRFLDWHG










x WKH ODVW VHFWLRQ LQ EODFN GDVKHG  NP ORQJ EHWZHHQ 8QLYHUVLWj DQG *DULEDOGL LV DFWXDOO\ XQGHU
FRQVWUXFWLRQ
6LQFHEHWZHHQ'DQWHDQG*DULEDOGLWKHOLQHKDVWZRVHSDUDWHWXQQHOVZLWKRXWDQ\VZLWFKDOORZLQJDFRQYR\WR
FKDQJH WUDFNV WKH VHUYLFH EHWZHHQ'DQWH DQG8QLYHUVLWj LV RSHUDWHG E\PHDQV RI D VKXWWOH VHUYLFH ,QGHHG D
FRQWLQXRXVPHWURVHUYLFHEHWZHHQ3LVFLQRODDQG8QLYHUVLWjZRXOGUHTXLUHWKHWUDQVLWRIDVLQJOHFRQYR\EHWZHHQ
'DQWHDQG8QLYHUVLWjLHE\XVLQJRQO\DVLQJOHWUDFN7KHUHIRUH WKLVNLQGRIVHUYLFHZRXOG\LHOGDKHDGZD\
EHWZHHQ WZR VXFFHVVLYH FRQYR\VRI DERXW PLQXWHVZKLFKZRXOGEH LQFRPSDWLEOHZLWK WKH OHYHO RI VHUYLFH
UHTXLUHG IRU DPHWUR V\VWHP2EYLRXVO\ RQFH WKH FRQVWUXFWLRQ RI WKH VHFWLRQ8QLYHUVLWj ±*DULEDOGL KDV EHHQ




,Q WKLV DSSOLFDWLRQ ZH DQDO\VHG IDLOXUH VFHQDULRV GXULQJ WKH PRUQLQJ SHDNKRXU LH ± DP IRU
VLPXODWLQJ ZKHQ GLVFRPIRUW HIIHFWV DUH ODUJHU 2EYLRXVO\ ZH FRQVLGHUHG D ZLGHU WLPH SHULRG IRU DQDO\VLQJ




LQ WUDLQ SHUIRUPDQFH DW  LQ WKH &KLDLDQR VWDWLRQ WKH VHFRQG VWDWLRQ DIWHU WKH GHSRW WKH WK FRQYR\
H[SHULHQFHVDEUHDNGRZQZKLFK OLPLWV WKHPD[LPXP WUDLQ VSHHG LQHDFKVFHQDULR WRDYDOXHEHWZHHQDQG
6LQFHWKHUHDUHRQO\WKUHHPDLQWHQDQFHWUDFNVRQWKHQHWZRUNDW&ROOL$PLQHL0HGDJOLHG¶2URDQG'DQWH
WKHUHDUHVL[IHDVLEOHVWUDWHJLHV
x WZR VWUDWHJLHV LH&ROOL$PLQHL DQG0HGDJOLH G¶2UR IRUZDUGZKHUH WKH IDXOW\ WUDLQ FRQWLQXHV WKH VHUYLFH
XQWLO&ROOL$PLQHLRU0HGDJOLHG¶2URDQGLVWKHQGULYHQRQWRWKHFRUUHVSRQGLQJPDLQWHQDQFHWUDFN
x RQHVWUDWHJ\LH'DQWH WHUPLQXVZKHUH WKHIDXOW\ WUDLQFRQWLQXHV WKH VHUYLFHXQWLO WKH WHUPLQXVDQG LV WKHQ
GULYHQRQWRWKHFRUUHVSRQGLQJPDLQWHQDQFHWUDFN












DGGLWLRQDO UROOLQJ VWRFN LV LQVHUWHG ,Q D SUHYLRXV SDSHU '¶$FLHUQR HW DO  WKH DXWKRUV LQYHVWLJDWHG WKH
GHSHQGHQFH RI RSHUDWLRQDO VWUDWHJLHV RQ WUDYHO GHPDQG OHYHOV E\ PXOWLSO\LQJ HVWLPDWHG WUDYHO GHPDQG E\ D
YDULDEOHIDFWRU
,Q WKLV SDSHU RXU SXUSRVH LV WR H[WHQG SUHYLRXV VWXGLHV E\ DQDO\VLQJ LQIOXHQFHV RI WKH RSWLPDO RSHUDWLRQDO
VWUDWHJLHV RQ IOHHW FRPSRVLWLRQ ,QGHHG VLQFH GXH WR PDLQWHQDQFH DQG UHJXODWLRQ HQIRUFHPHQWV WKH YHKLFOHV
DYDLODEOHDPRXQWWRWUDFWLRQXQLWVSHUGD\WKHVHUYLFHHQWHUSULVHLVIRUFHGWRDGRSWLQWKHFDVHRIRSHUDWLRQV
ZLWK  FRQYR\V  WULSOHKHDGHU FRQYR\V LH FRQYR\VZLWK  WUDFWLRQ XQLWV DQG  GRXEOHKHDGHU FRQYR\V LH
FRQYR\VZLWKWUDFWLRQXQLWVZLWKUHVSHFWLYHO\WKHIROORZLQJFDSDFLWLHVDQGSDVVHQJHUV,WLVWULYLDOWR
FRQFOXGH WKDW WKHEHVW RSHUDWLRQDO VWUDWHJ\ FRQVLVWV LQ DGRSWLQJ D  FRQYR\ VHTXHQFH DQG WKDW WKH UHPRYDO
IURP VHUYLFH RI D WULSOHKHDGHU FRQYR\ JHQHUDWHV D JUHDWHU LPSDFW WKDQ D GRXEOHKHDGHU FRQYR\ 'XH WR WKH
UDQGRPQHVV RI WKH EUHDNGRZQ SKHQRPHQRQ LW LV QHFHVVDU\ WR VLPXODWH WKUHH NLQGV RI FRQYR\ VHTXHQFHV LH
DQG,QGHHG LW LVQRWSRVVLEOHWRHVWDEOLVKDSULRULZKLFKWUDLQZLOOEHWKHILUVW WRVWDUW LQWKH
GDLO\VHUYLFHDQGRUZKLFKWUDLQZLOOXQGHUJRWKHEUHDNGRZQ
7KH UHVXOWV DUH VXPPDULVHG LQ 7DEOHV  ZKHUH WKHUH DUH JHQHUDOLVHG SDVVHQJHU FRVWV SURYLGHG IRU HDFK
EUHDNGRZQDQG IRUHDFKFRQYR\VHTXHQFH%ROGYDOXHV UHSUHVHQW WKHPLQLPXPYDOXHRI WKHREMHFWLYH IXQFWLRQ
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LH LGHQWLI\ WKH RSWLPDO VWUDWHJ\ IRU HDFK EUHDNGRZQ DQG FRQYR\ VHTXHQFH RFFXUULQJ ,Q WHUPV RI QXPHULFDO
UHVXOWV LW LVZRUWKQRWLQJ WKDW LQVRPHFDVHV WKHREMHFWLYHIXQFWLRQKDVPRUH WKDQRQH ORFDOPLQLPXPLH WKH
REMHFWLYHIXQFWLRQLVQRWFRQYH[
2XU DQDO\VLV RI WKH VLPXODWLRQ UHVXOWV VKRZV WKDW DQ LQFUHDVH LQ KHDGZD\ \LHOGV DQ LQFUHDVH LQ ERDUGLQJ
SDVVHQJHUV/LNHZLVHDGHFUHDVHLQKHDGZD\\LHOGVDGHFUHDVHLQERDUGLQJSDVVHQJHUV7KHUHIRUHWKHIDXOW\WUDLQ
WHQGV WR EH VDWXUDWHG ZKLOH WKH IROORZLQJ FRQYR\V WHQG WR EH HPSW\0RUHRYHU HOLPLQDWLRQ RI D IDXOW\ WUDLQ
\LHOGV DQ LQFUHDVH LQ SDVVHQJHU WUDYHO WLPHV VLQFH SDVVHQJHUV RQ ERDUG WKH IDXOW\ WUDLQ KDYH WR DOLJKW RQWR WKH
SODWIRUPDQGZDLWWRERDUGDIROORZLQJWUDLQDGHFUHDVHLQWUDYHOWLPHVEHFDXVHIROORZLQJWUDLQVZLOOKDYHWUDFNV
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&RQFOXVLRQVDQGUHVHDUFKSURVSHFWV
,Q WKLV SDSHUZH SURSRVHG DQ RIIOLQH SURFHGXUH IRU GHWHUPLQLQJ WKH LQWHUYHQWLRQ VWUDWHJ\ZKLFKPLQLPLVHV
XVHUGLVFRPIRUWZKHQDEUHDNGRZQRFFXUV,QGHHGDOWKRXJKHIIHFWVRQWUDYHOGHPDQGDUHRIWHQQHJOHFWHGLQWKH
OLWHUDWXUHZHVKRZHG WKDW WKLVDVVXPSWLRQ LVFRUUHFWRQO\ LQH[WUHPHFDVHV LHZKHQ WKH IDXOW\FRQYR\ LV IDVW
HQRXJKRUH[WUHPHO\VORZ*HQHUDOO\DVVKRZQE\0D]]HRHWDOVHUYLFHSXQFWXDOLW\LVDGRSWHGDVWKH
PDLQ WDUJHW RI LQWHUYHQWLRQ VWUDWHJLHV ZLWKRXW WDNLQJ LQWR DFFRXQW HIIHFWV RQ WUDYHO GHPDQG ,Q RXU SDSHU ZH
FRQVLGHUHG PD[LPLVDWLRQ RI WKH VHUYLFH TXDOLW\ E\ PLQLPLVLQJ SDVVHQJHU JHQHUDOLVHG FRVWV DQG H[WHQGHG WKH
SUHYLRXVUHVXOWVRI0D]]HRHWDOE\LQWURGXFLQJFDSDFLW\FRQVWUDLQWVRIUDLOFRQYR\V7KLVDOORZVDPRUH
UHDOLVWLFPRGHOWREHGHYHORSHGVLQFHLQDIDLOXUHVFHQDULRSDVVHQJHUVPLJKWQRWEHDEOHWRERDUGWKHILUVWDUULYLQJ
WUDLQ LI WKH ERDUGLQJ IORZ LV KLJKHU WKDQ WKH FRQYR\ UHVLGXDO FDSDFLW\ )LQDOO\ ZH LQYHVWLJDWHG WKH HIIHFWV RI
GLIIHUHQWFRQYR\VHTXHQFHVRQWKHGHWHUPLQDWLRQRIDQRSWLPDOLQWHUYHQWLRQVWUDWHJ\VKRZLQJWKDWLQVRPHFDVHV







$EULO 0 %DUEHU ) ,QJRORWWL / 6DOLGR0 $ 7RUPRV 3 	 /RYD $  $Q DVVHVVPHQW RI UDLOZD\ FDSDFLW\ 7UDQVSRUWDWLRQ
5HVHDUFK3DUW(
$QGHUVVRQ' 6K\U2	)X- 'RHVKLJKVSHHGUDLODFFHVVLELOLW\ LQIOXHQFHUHVLGHQWLDOSURSHUW\SULFHV"+HGRQLFHVWLPDWHVIURP
VRXWKHUQ7DLZDQ-RXUQDORI7UDQVSRUW*HRJUDSK\
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&DOYR)GH2xD-$UiQ),PSDFWRIWKH0DGULGVXEZD\RQSRSXODWLRQVHWWOHPHQWDQGODQGXVH/DQG8VH3ROLF\







&RUPDQ ) '¶$ULDQR $ +DQVHQ , $ 	 3DFFLDUHOOL '  2SWLPDO PXOWLFODVV UHVFKHGXOLQJ RI UDLOZD\ WUDIILF -RXUQDO RI 5DLO
7UDQVSRUW3ODQQLQJ	0DQDJHPHQW






































3ULQ]5 6HZF\N %	.HWWQHU0  1(021HWZRUN (YDOXDWLRQ0RGHO IRU WKH$XVWULDQ UDLOURDG g%%(LVHQEDKQWHFKQLVFKH
5XQGVFKDX
6LHIHU 7 	 5DGWNH $  5DLOZD\ VLPXODWLRQ NH\ IRU EHWWHU RSHUDWLRQ DQG RSWLPDO XVH RI LQIUDVWUXFWXUH3URFHHGLQJV RI WKH VW
,QWHUQDWLRQDO6HPLQDURQ5DLOZD\2SHUDWLRQV0RGHOOLQJDQG$QDO\VLV'HOIW7KH1HWKHUODQGV
:LOOLJHUV -	:HH% +LJKVSHHG UDLO DQG RIILFH ORFDWLRQ FKRLFHV$ VWDWHG FKRLFH H[SHULPHQW IRU WKH1HWKHUODQGV -RXUQDO RI
7UDQVSRUW*HRJUDSK\
=KHQJ< =KDQJ = ;X %	:DQJ /  &DUU\LQJ FDSDFLW\ UHOLDELOLW\ RI UDLOZD\ QHWZRUNV -RXUQDO RI 7UDQVSRUWDWLRQ 6\VWHPV
(QJLQHHULQJDQG,QIRUPDWLRQ7HFKQRORJ\
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